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Abstract. The PAX project at GSI Darmstadt plans to polarize an antiproton beam by repeated 
interaction with a hydrogen target in a storage ring. Many of the beam particles are required to 
remain within the ring after interaction with the target, so small scattering angles are important. 
■ Hence we concentrate on low momentum transfer (small t), a region where electromagnetic effects 

dominate the hadronic effects. A colliding beam of polarized electrons with energy sufficient to 
provide scattering of antiprotons beyond ring acceptance may polarize an antiproton beam by spin 
' filtering. Expressions for spin observables are provided and are used to estimate the rate of buildup 

I of polarization of an antiproton beam. 
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O . The buildup of the polarization of an antiproton beam by spin filtering off a polarized 

hydrogen target has been described by differential equations ^ 0] involving the spin 
observables for antiproton-electron and antiproton-proton elastic scattering. Relativistic 
expressions for spin observables due to single photon exchange in elastic spin 1/2 - 
spin 1/2 particle collisions have been presented recently [3]. There has been much 
recent theoretical debate as to whether electrons in a hydrogen gas target are effective 
^ . in transferring polarization to the antiproton beam IjJ, |2|]. It is claimed that electrons 

should scatter antiprotons out of the beam to contribute to spin filtering. The maximum 
1^ ■ antiproton-electron scattering angle for various antiproton beam energies is lower than 

5_j . the ring acceptance angles under consideration by PAX [0, IH] and we suggest that a 

beam of polarized electrons with energy sufficient to provide scattering of antiprotons 
beyond ring acceptance may polarize an antiproton beam by spin filtering. 

SPIN OBSERVABLES 

For electromagnetic interactions to first order the double spin asymmetries equal the po- 
larization transfer observables (A/^ = Kij ) and all the single and triple spin asymmetries 
are zero (A,- = Aijj^ = ) where ij,ke { X, Y, Z } . 

Spin filtering requires evaluation of the angular integration of the product of the 
observables An = Ku and (1 — Da) with do/dO.. Azimuthal averaging indicates that 
the observables with single X ( i.e. Kxz, Kzx, Dxz and Dzx ) do not contribute to 
spin filtering. The quantities (^xx+^yy) /2, (Dxx + Dyy) /2, Kzz, Dzz and do/dQ. 
which we now present, play the important role. The spin averaged differential cross- 
sections have been presented in lUiQ]. In the following m is the electron mass, M is 



O 



the (anti)proton mass, /ip is the magnetic moment of the proton, a is the fine structure 
constant, s and t are Mandelstam variables and k=^[s — 2M^ — Inp- + (M^ — m^Y/sY/'^. 



Antiproton - proton scattering 

To leading order in small t the relevant spin observables for single photon exchange 
antiproton-proton scattering are as follows [H]. The ~ sign refers to the first term in the 
expansion in t. 

Kxx+Kyy do a^M^ji^ 
2 dQ. ^ St 

{1-Dxx) + {1-Dyy) da ^ -a^jk^+M^) 2 
2 da k-^M^st ^MMp-ijJ 

do —2<x^ul , , 

Kzz-rjz ^ ^{2k^+M^) (1) 

dlL St ' 

Antiproton - electron scattering 

The leading t terms in the relevant observables for antiproton-electron scattering are IH]: 

^xx + ^YY do ^ mM lip 
2 dQ. ^ St 

(1-Dxx) + (1-^yy) do -m^a} {s-m^ + M^f 



dQ 4k^s^t 

do ^ -d} ^ 
dQ ^ St 



i^zz^ - -^{s-n?-M^) (2) 



(1-^Zz) -JTZ 



do -M^a^ {s + m^-M^) 
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dQ 2k^s^t 

ANTIPROTONS SCATTERING OFF STATIONARY ELECTRONS 

The maximum scattering angle for 10 GeV/c antiprotons scattering off electrons in an 
atomic target is 0.54 mrad as shown in Figure 1 (a). This is below the acceptance angles 
under consideration at PAX [0, 111] so that all scattering off atomic electrons will be 
within the ring; therefore no spin filtering is possible and electrons will not contribute to 
the polarization buildup of the antiproton beam. An opposing electron beam of sufficient 
energy would increase the scattering angles of the antiprotons beyond acceptance as seen 
in Figure 1 (b), hence allowing spin filtering. 



Plot of scattering angle 9 versus t 
for stationary electrons 



Plot of scattering angle 6 versus t 
for a 10 MeV/c electron beam 
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FIGURE 1. (a) Scattering angle versus t for 10 GeV/c antiprotons scattering off electrons in an atomic 
target, (b) With a colliding electron beam the maximum scattering angle increases as the electron beam 
momentum increases in a direction opposite to that of the antiproton beam. 



POLARIZATION BUILDUP 



When circulating at frequency v through a polarized target of areal density n and 
polarization oriented normal to the ring plane, (or longitudinally with rotators) 
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describes the rate of change of the number of beam particles and their total spin 
•/ [El 0]- These coupled differential equations involve angular integration of the spin 
observables presented earlier, as seen in the following table. The minimum angle Oq 
relates to the average transverse electron separation, and 0acc is the acceptance angle. 
The time (t) dependence of the polarization of the beam is given by solving the system 
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^all - Ku 



N{ t) Lin + coth (Ld n V t) 

where the discriminant of the quadratic equation for the eigenvalues is 
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and where Lin = {hn — ^in) /2 is a loss of polarization quantity. The approximate rate 
of change of polarization for sufficiently short times, and the limit of the polarization for 
large times are respectively: 



Transverse polarization requires 


Longitudinal polarization requires 


da 

lout = 2n —— s'mOdO 
da 

Aom = n (Axx+Ayy) tf: sin0c/0 
JQacc dLl 

da 

A^ii^n (Axx+AYY)-77;:SinBdB 
Joo dLl 

/■^"c'; , d a 
Km = n (Kxx+Kyy) -j^ sin 9 dO 
J 00 dLl 

An = W (£'xx+£'YY)T7r Sin 0^/0 
Jea dLl 


/■"^ da 
/out = 2n 1 — — sin0<i0 

jQacc dLl 

da 

Aout = 2n Azz-rp^ sinOdO 
JSacc dLl 

da 

Aaii = 2a:/ Azz 37r sinede 
J do dLl 

/■^"cc d a 
Km=2n Kzzy^sinOde 
J do dLl 

/■9acc d a 

An-2;r/ Dzz 37: sine^/e 
J do dLl 



CONCLUSIONS 

We have shown that, in principle, a sufficiently high density polarized electron beam 
could be used to polarize an antiproton beam by spin filtering in a storage ring. This can 
be done by a pure electromagnetic process. The polarization buildup rate is proportional 
to the density of the electrons in the beam. We are now investigating if the rate of 
polarization buildup and maximum polarization achievable with current technologies 
are sufficient to provide a useful figure of merit when attempting to polarize antiprotons. 
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